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The  U.S.  Army  has  a  very  large  inventory  of 
bituminous  built-up  roofs.  Repairs  a;  id  recon¬ 
struction  are  steadily  increasing  as  the  roofs 
approach  the  end  of  their  service  lives,  making  it 
increasingly  important  to  better  manage  mainte¬ 
nance  funds.  There  is  a  need  for  a  systematic 
procedure  to  determine  priorities  and  select 
repair  strategies  that  will  ensure  a  maximum 
return  on  investment.  In  response,  the  U.S.  Army 
Construction  Engineering  Research  Laboratory 
(USACERL)  has  developed  ROOFER,  an  engi¬ 
neered  management  system  for  built-up  roofs.  ^ 

This  report  demonstrates  the  ROOFER  proce¬ 
dures  on  selected  buildings  at  three  different 
Army  installations:  Fort  Meade,  MD;  Fort  Lee, 
VA;  and  New  Cumberland  Army  Depot,  PA.  The 
work  was  performed  in  three  phases;  (1)  field 
work,  (2)  data  processing  and  management,  and 
(3)  system  turnover  to  installation  personnel. 

^  The  Facilities  Engineering  Applications  Program 
(FEAP)  demonstrations  proved  to  be  a  successful 
implementation  of  the  ROOFER  program. 
ROOFER  evaluates  membrane,  flashing,  and 
insulation  indexes  separately,  providing  an  ideal 
base  to  generate  repair  and  replacement  recom¬ 
mendations.  The  Roof  Condition  Index,  which 
combines  the  three  indexes,  provides  the  infor¬ 
mation  needed  for  effective  network  manage¬ 
ment.  It  is  recommended  that  ROOFER  be 
released  for  use  at  all  military  bases  and  private 
civilian  sites.  ^ 

Approved  for  public  release;  distribution  is  unlimited. 
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The  contents  of  this  report  are  not  to  be  used  for  advertising,  publication, 
or  promotional  purposes.  Citation  of  trade  names  does  not  constitute  an 
official  indorsement  or  approval  of  the  use  of  such  commercial  products. 
The  findings  of  this  report  are  not  to  be  construed  as  an  official  Depart¬ 
ment  of  the  Army  position,  unless  so  designated  by  other  authorized 
documents. 
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A  DEMONSTRATION  OF  ROOFER,  AN  ENGINEERED 
MANAGEMENT  SYSTEM  FOR  BITUMINOUS  BUILT-UP  ROOFS 

I  INTRODUCTION 


Background 

ROOFER  is  an  engineered  management  system  that  provides  several  functions  for  analyzing  and 
evaluating  built-up  roofing  systems.  It  was  developed  to  support  Army  installation  Directorate  of 
Engineering  and  Housing  (DEH)  persortnel  in  the  activities  associated  with  maintaining  networks  of  roofs. 
ROOFER  provides  methods  for  creating  a  roofing  inventory,  conducting  in.spcctions,  identifying  roof 
problems  (distresses),  evaluating  roof  condition,  and  determining  Maintenance,  Repair,  and  Replacement 
(MRR)  needs. 

The  U.S.  Army  Construction  Engineering  Research  Laboratory  (USACERL)  developed  ROOFER  with 
the  assi.stance  of  the  U.S.  Army  Engineering  Housing  Support  Center  (USAEHSC)  and  the  U.S.  Army 
Cold  Regions  Rc.scarch  and  Engineering  Laboratory  (USACRREL),  using  techniques  previously  employed 
for  the  development  of  PA  VER,‘  an  engineered  management  system  for  pavements.  After  several  rounds 
of  field  testing  and  refinement  of  the  ROOFER  procedures  at  various  Army,  Navy,  and  Air  Force  bases 
in  several  geographic  locations,  a  demonstration  program  was  established  at  three  Army  installations;  Fort 
Meade,  MD;  Fort  Lee,  VA;  and  New  Cumberland  Army  Depot,  PA.  The  demonstration  was  conducted 
using  the  Facilities  Engineering  Applications  Program  (FEAP). 

The  ROOFER  system  is  described  in  USACERL  Technical  Report  M-90/04.^ 


Objective 

The  objective  of  this  investigation  was  to  demonstrate  the  ROOFER  system,  including: 

1.  Inventory  collection  and  inspection  procedures, 

2.  Data  processing  and  management  procedures, 

3.  Development  techniques  for  MRR  recommendations,  and 

4.  Implementation  of  ROOFER  by  Architeet/Engineer  (A/E)  personnel  (contract). 

An  evaluation  of  the  proeedures,  worksheets,  and  automated  microeomputer  application,  and  the 
recommended  specifications  for  the  implementation  of  ROOFER  was  also  accomplished. 


Approach 

Twenty  buildings  at  Fort  Meade,  fourteen  at  Fort  Lee,  aiid  nine  at  New  Cumberland  Army  Depot  were 
.selected  for  this  study.  The  work  was  divided  into  three  phases;  (1)  field  work,  (2)  data  processing  and 
management,  and  (3)  system  turnover  to  installation  personnel.  An  A/E  firm  and  a  commercial  laboratory 
wore  contracted  to  perform  Phases  1  and  2  with  assistance  from  the  project  team  which  included  persortnel 
from  USACERL,  USACRREL,  and  USAEHSC.  The  use  of  private  contractors  permitted  an  objective 


'  M.Y.  Shahin  and  S.D.  Kohn,  Overview  cf  the  PAVER  Pavement  Management  System  and  Economic  Analysis  of  Field 
Implementing  the  PAVER  Management  System,  USACERL  Technical  Manuscript  M-310/ADA1 1631 1  (USACERL  March  1982). 
^  D  M.  Bailey,  el  al.,  ROOFER:  An  Engineered  Management  Systemfor  Bituminous  Built-Up  Roofs,  USACERL  Technical  Report 
M -90/04  (USACERL.  December  1989). 
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evaluation  of  the  procedures  and  provided  guidelines  for  future  implementation  of  ROOFER  by  A/E 
eoniraeloiN  The  project  team  performed  Phase  3,  which  allowed  them  to  evaluate  the  efficiency  of  the 
KOOFFR  system  and  to  identify  problems  in  the  microcomputer  software  being  developed  at  that  time. 


Scope 

This  report  describes  the  three  phases  of  the  HEAP  demonstration.  It  does  not  describe  the  ROOFER 
program  or  its  development. 


.Mode  of  Technology  Transfer 

It  is  expected  that  ROOFER  will  be  used  at  both  military  and  civilian  sites.  The  work  is  expected 
to  be  performed  by  A/E  contractors  familiar  with  ROOFER  or  by  in-house  personnel  who  have  attended 
ROOFER  training  ses.sions.  A  training  course  is  currently  being  developed  by  USACERL.  A  ROOFER 
support  center  has  been  established  to  perform  services  such  as  distributing  software  updates,  resolving 
problems,  and  answering  technical  questions  concerning  ROOFER. 
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2  FIELD  WORK 


The  field  work  necessary  to  implement  ROOFER  involves  two  steps;  office  preparation  and  data 
collection.  As  part  of  the  field  work,  an  in-process  review  was  conducted  early  in  the  data  collection 
phase  to  ensure  that  the  work  was  being  executed  properly. 


Office  Preparation 

Careful  preparation  is  essential  to  a  successful  ROOFER  implementation.  The  time  devoted  to 
preparation  will  significantly  reduce  the  effort  needed  to  complete  the  data  collection  phase  of  ROOFER. 
1-or  these  ROOFER  demonstrations,  the  office  preparation  included  an  initial  site  visit,  development  of 
the  roof  network,  A/E  training,  and  establishment  of  a  work  plan. 

Initial  Site  Visit 

The  project  team  visited  each  site  to  establish  liaison  with  the  DEH  and  perform  necessary 
groundwork  to  initiate  the  demonstration  project.  DEH  personnel  were  briefed  on  all  aspects  of  the 
ROOFER  system  and  the  demonstration  project.  Once  they  were  familiar  with  the  program  objectives, 
they  assisted  in  selecting  several  buildings  having  built-up  roofs  of  varying  ages  to  be  used  in  the 
demonstration.  The  numbers  of  the  project  buildings  for  the  three  sites  are  shown  in  Table  1 .  A  full  day 
was  spent  at  each  site  completing  this  work. 


Table  1 

Demonstration  Building  Numbers 


Fort  Meade  Fort  Lee  New  Cumberland 

Army  Depot 


■  Buig 


38 

1110 

Bldg  1 

68 

2()09 

21 

82 

4229 

54 

85 

4300 

81 

.393 

4320 

85 

I2.-M 

5(XK) 

351 

2239 

6250 

4iA> 

2786 

7118 

406 

2791 

8130 

411 

4407 

8150 

4550 

8151 

4707 

8402 

63.30 

9035 

6600 

12400 

846.S 

8478 

8501 

8542 

9804 

9829 
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Roof  Network  Development 

The  roof  network  for  each  site,  as  defined  for  tliis  demonstration  project,  consisted  of  all  the  built-up 
roofs  on  the  project  buildings.  Each  building's  roof  was  divided  into  sections.  This  allowed  individual 
roof  sections  to  be  evaluated  separately  and  MRR  requiremenLs  to  be  determined,  independent  of  adjacent 
roof  sections.  The  selected  roofs  were  sectioned  using  existing  roof  plans  and  aerial  photographs.  Each 
section  was  assigned  a  letter  designation.  Small  areas  with  similar  characteristics,  such  as  entrance 
canopies,  were  combined  into  one  section  or  combined  with  a  larger  adjacent  roof  area.  Very  large  roofs 
without  obvious  sections,  such  as  the  warehouses  at  New  Cumberland  Army  Depot,  were  arbitrarily 
divided  into  sections  of  approximately  20,000  sq  ft  (1860  m^). 

ME  Training 

An  architectural  firm  was  employed  through  an  Indefinite  Delivery  Order  administered  by  USAEHSC. 
The  requirements  of  the  contract  included  preparation  of  the  roof  section  plans,  completion  of  the 
inventory  data  collection,  field  in.spcctions,  and  calculation  of  condition  indexes. 

A  training  session  was  set  up  at  Fort  Meade  for  the  A/E  contractor  and  DEH  personnel  from  the 
installations.  The  training  was  conducted  by  the  project  team  and  a  private  roofing  consultant.  The  first 
day  of  the  training  session  was  spent  in  a  classroom  setting  where  the  following  topics  were  covered; 

1 .  ROOFER  background, 

2.  Inventory  procedures, 

3.  Visual  inspection  procedures, 

4.  Insulation  inspection  procedures, 

5.  Calculation  of  condition  indexes,  and 

6.  Preparation  of  reporting  forms. 

The  .second  day  of  instruction  was  spent  on  a  built-up  roof.  The  training  staff  demonstrated  the  visual 
inspection  procedure  and  distress  identification  techniques  discussed  the  previous  day.  The  "students" 
were  grouped  into  teams  of  two,  an  inspector  and  a  recorder,  and  were  given  opportunities  to  apply  the 
ROOFER  inspection  and  recording  techniques  under  the  supervision  of  the  training  staff. 

Work  Plan 

At  the  close  of  the  A/E  training  session,  a  work  plan  was  established  whereby  two  or  tlirce  inspection 
teams  from  the  A/E  firm  would  do  the  inventory  data  collection  and  visual  inspections.  Assistance  would 
bo  provided  by  DEH  personnel  in  obtaining  as-built  drawings  and  otlicr  contract  documents  to  complete 
the  inventory.  To  complete  the  insulation  inspections,  USAEHSC  would  conduct  the  aerial  infrared  (IR) 
inspections  of  each  project  building  and  a  laboratory  subcontractor  would  lemove  the  necessary  core 
samples  and  perform  the  moisture  testing.  The  work  would  be  completed  first  at  Fort  Meade,  then  at  Fort 
Lee  and  New  Cumberland  Army  Depot. 


Data  Collection 

The  data  collection  process  involved  gathering  inventory  information  and  performing  the  insulation 
and  visual  inspections.  This  information  would  provide  the  data  base  necessary  to  assess  the  condition 
of  the  roofs  and  determine  MRR  requirements.  An  established  set  of  procedures,  forms,  and  woriesheets 
were  employed. 
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Inventory 

The  inventory  is  the  backbone  of  the  ROOFER  system.  It  provides  physical  and  historical  infonnation 
needed  to  develop  repair  and  replacement  projects  as  well  as  determine  long-term  trend.s  and  experiences 
for  specific  building  types  and  roofing  systems.  Procedures  for  establishing  the  inventory  arc  documented 
in  USACERL  Technical  Report  M-90/04.^ 

General  information  on  each  project  building  was  collected  and  entered  on  a  Building  Identification 
Sheet  (Figure  1).  A  building  roof  plan  showing  each  roof  section  and  overall  dimensions  was  also 
developed  and  put  on  a  separate  sheet  (Figure  2). 


BUILDiNG  IDENTIFICATION _ 

installation  NO.  ( INSTALLATION  NAME  F<g>ltr  MEAPE  ,Mp. 

BUILDING  NO.  BUILDING  NAME  TEL&P^^^klE  _ 

DESIGN  CAT. CODE  |B|gg  F^ILITY  NO.  P- 4 4*^7  |  FACILITY  SUFFIX  - 

LOCATION  LLEWtUfYN  _ 

USE  TULEPIVnE  . 

DATE  ORIG.  CONST.  -lAhi-  ]  EXTERIOR  WALLS 

ROOF  SECTIONS 

A  l,OZZ?  SO. FT. I  F  SQ.FT.  K  SQ.FT 

B  2c,g,  SQ.FT  G  SQ.FT.  L  SQ.FT 

C  SO.  FT.  H  SO.  FT.  M  SO.  FT 

0  SO.  FT.  I  SO.  FT.  N  SO.  FT. 

E  SQ.FT.  J  SO.  FT.  0  SQ.FT 

REMARKS 

I.  tJe.  gTRllitlJRE  iJnJOEK  tME  IPEK.T- 

iFicATl^^lsj' AP-E  AlTU<iA^E  Ti>  PART  SC^I^?S4  fin’ 

^'fY-4")Tl4&  iZEAlAIMlPEPs  PF  A'  HAb  A 

>>LAb,  P^lJ|Z^6P^^sJC.  4  l^ld'P  iN-b'JLATl^J^:. 
P.^^I^IHAL  fcUlLi7lNA  PPAVIM!JAWE1?£  iJSAVAlLAbUE  RpfS.  SEc^Tl^Y.  "«>'l 


iNl  A,  TEKK<\  cotta  tE>  IMTB6RAL  w/  B«A!»E  FUA.-E.HiN. 

4  car\M6  1-^9  lu  poor  conoitioH  jc7iKrr5.  tyFica'-LY: 


Figure  1.  Completed  Building  Identification  Sheet. 


’D.  M.  Bailey,  cl  al. 
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Figure  2.  Building  IdentiHcation  Plan. 


After  tJic  building  information  was  obtained,  more  detailed  data  was  collected  for  each  roof  section. 
These  data  included  information  on  structural  frame,  roof  deck,  vapor  retarder,  insulation,  membrane,  and 
flashing  .systems.  A  sample  of  the  Roof  Section  Identification  Sheet  is  shown  in  Figure  3.  A  roof  section 
plan  was  developed  for  each  roof  section  showing  all  fetitures  on  the  roof  such  as  perimeter  conditions, 
rooftop  equipment,  projections,  drains,  walkways,  etc.  The  plan  was  drawn  on  a  Roof  Inspection 
Worksheet  (Figure  4). 

Much  of  the  inventory  information  used  to  complete  the  Roof  Section  Identification  Sheet  and  develop 
ihc  roof  section  plan  was  extracted  from  existing  plans  and  records  at  the  DEH  office.  DEH  personnel 
were  also  helpful  in  providing  basic  information  about  the  buildings.  When  records  were  incomplete,  site 
visits  to  the  specific  buildings  were  required  to  complete  the  inventory.  This  was  particularly  necessary 
where  DEH  information  was  lacking  about  rooftop  features  such  as  slope,  walkways,  projections,  etc. 
Core  samples  used  in  the  insulating  inspcctibn  were  also  used  to  verify  the  components  of  the  roofing 
system. 

Comments  made  by  the  A/E  recommended  that  survey  crews  carry  some  drawing  equipment,  such 
as  scales  and  plastic  triangles  during  the  visual  inspections,  so  missing  information  could  be  added  to  the 
roof  section  plan  or  incorrect  information  could  be  modified. 
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Figure  3.  Completed  Roof  Section  Identification  Sheet. 


II 


12 


Insulation  Inspection 

A  complete  evaluation  of  an  insulated  rooHng  system  requires  that  the  insulation  be  inspected  to 
determine  if  it  contains  moisture.  Using  nonuestructive  moisture  detection  methods  to  determine  the 
amount  of  wet  insulation  and  knowing  tJie  moisture  content  of  the  wet  areas,  an  insulation  condition  index 
(ICI)  can  be  calculated  for  a  roof  section.  The  ICI,  a  numerical  indicator  between  0  and  100,  reflects  the 
condition  of  the  insulation  and  the  level  of  repair  required.  A  complete  description  of  this  procedure  can 
be  found  in  USACERL  Technical  Report  M-90/04.'^ 

During  the  time  the  A/E  was  collecting  the  inventory  information  and  developing  the  roof  section 
plans,  USAEHSC  performed  an  aerial  IR  scan  of  the  selected  buildings  at  the  three  sites  using  helicopter 
mounted  equipment.  Before  each  scan,  a  daylight  flyover  was  conducted  to  identify  the  buildings  and  to 
photograph  the  roofs  using  a  hand-held,  35  mm  camera.  The  IR  scan  was  recorded  on  videotape  and  later 
analyzed  by  USAEHSC.  USAEHSC  provided  the  laboratory  subcontractor  with  marked  roof  .section  plans 
indicating  areas  of  potentially  wet  insulation  and  locations  where  core  samples  were  to  be  taken  within 
tho.se  areas  (Figure  5). 

The  laboratory  then  cut  the  core  samples  and  determined  their  moisture  content,  expressed  as  a 
percentage  of  the  dry  weight.  Data  were  entered  on  the  ICl  Computation  Sheet  (Figure  6)  and  furnished 
to  the  A/E  for  final  calculation. 

Visual  Inspection 

The  visual  inspection  procedure  is  a  critical  component  of  ROOFER.  The  distress  information 
obtained  during  the  visual  inspection  is  used  to  calculate  condition  indexes  for  the  membrane  (MCI)  and 
flashing  (FCI)  components  of  a  roof  section.  These  indexes  are  numerical  indicators  based  on  the  same 
scale  used  for  the  ICI  and  measure  the  general  condition  and  needed  level  of  repair  for  the  membrane  and 
flashing  components.  Procedures  for  conducting  the  visual  inspections  are  fully  described  in  USACERL 
Technical  Report  M-87/13.  Vol  II.^ 

The  visual  inspection  process  was  the  final  phase  of  the  data  collection.  A/E  crews  used  the  Roof 
Inspection  Worksheet  to  record  the  distress  information  while  inspecting  each  roof  section.  The  general 
approach  was  to  first  inspect  the  perimeter  of  the  roof  section,  then  all  projections,  curbs,  etc.,  and  finally 
the  membrane.  The  A/E  recommended  that  in  addition  to  type,  severity,  and  quantity  of  distress,  the 
inspector  should  also  record  the  defect  number  as  listed  in  the  distress  description.  This  proved  to  be  a 
valuable  suggestion  and  the  form  was  modified  prior  to  the  visual  inspection  at  Fort  Lee.  Including  the 
defect  number  in  the  data  base  allows  the  user  to  define  repair  requirements  accurately  and  estimate  their 
costs.  Figure  7  is  a  typical  completed  Roof  Inspection  Worksheet  for  Fort  Meade.  The  revised  Roof 
Inspection  Worksheet  used  at  Fort  Lee  is  shown  in  Figure  8. 

The  average  inspection  survey  time  for  a  two-person  crew  was  52  minutes  per  roof  section.  The  times 
varied  from  15  minutes  to  2  hours,  depending  on  the  section  area,  condition  of  the  roof,  and  amount  and 
type  of  rooftop  equipment. 


*  D.  M.  Bailey,  et  al. 

’  M.  Y.  Shahin,  D.  M.  Bailey,  and  D.  E.  Brother.son,  Membrane  and  Flashing  Condition  Indexes  for  Built-Up  Roofs  Volume  H: 
Inspection  and  Distress  Manual,  USACERL  Technical  Repon  M-87/13,  Vol  II/ADA190368  (USACERL,  September  1987). 
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Figure  5.  Roof  plan  marked  for  core  samples. 
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ROOF  INSPECTION  WORKSHEET 
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Figure  8.  Revised  Roof  Inspection  Worksheet  -  Fort  Lee. 
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SEV.  LEVEL 


In-Process  Review 


The  A/E  was  instructed  to  perform  the  data  collection  on  five  buildings  (15  roof  sections)  at  Fort 
Meade  to  allow  for  an  in-process  review  before  proceeding  with  the  balance  of  the  buildings  included  in 
the  FEAP  project  After  the  preliminary  work  was  completed,  the  A/E  submitted  the  data  to  USACERL 
for  review  and  evaluation.  TTie  project  team  cross-checked  the  inventory  data,  roof  plans,  and  inspection 
sheets,  and  recalculated  the  condition  indexes  to  verify  the  A/E’s  work.  A  meeting  was  then  conducted 
at  Fort  Meade  with  the  A/E  to  complete  the  review  and  discuss  suggested  changes  to  the  forms  and 
procedures.  The  project  team  also  inspected  several  of  the  roof  sections  to  substantiate  the  accuracy  of 
the  work.  When  the  review  was  completed,  the  A/E  was  allowed  to  proceed  with  the  38  remaining 
buildings. 
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3  DATA  PROCESSING  AND  MANAGEMENT 


The  data  processing  and  management  phase  of  the  demonstration  included  performing  the  calculations 
of  the  individual  component  condition  indexes  and  the  overall  roof  condition  index,  putting  the  collected 
inventory  and  inspection  information  into  organized  files,  and  generating  management  reports  from  the 
collected  information.  To  achieve  this,  it  was  necessary  to  store  data  in  a  usable  manner  by  cither  a 
manual  recordkeeping  system  or  an  automated  computer  system.  A  manual  system  was  first  used  for  this 
function;  a  microcomputer  application,  which  was  being  developed  during  the  time  of  the  demonstration, 
was  also  used. 


Manual  System 

The  actual  computation  of  the  individual  component  condition  indexes  was  perfomied  by  the  A/E. 
The  A/E  calculated  the  distress  densities  and  deduct  values  for  each  roof  .section  by  using  an  internally 
developed  application  of  a  commercial  spreadsheet  and  the  deduct  value  curve  equations  provided  by 
USACERL.  This  information  was  summarized  on  the  Roof  Section  Rating  Form  to  calculate  the  FCl  and 
MCI  (Figure  9).  The  ICI  was  computed  by  completing  the  Insulation  Condition  Index  Computation  Sheet 
(Figure  10).  The  RCI  was  calculated  from  these  three  indexes  using  the  RCI  Calculation  Sheet  (Figure 
11). 


The  A/E  indicated  that  the  spreadsheet  application  was  not  cost  effective,  but  commented  that  if  the 
calculations  could  be  performed  by  a  user-friendly  computer  program,  considerable  savings  in  time  and 
cost  could  be  realized. 

The  completed  invento^,  inspection,  and  calculation  sheets  were  sent  to  USACERL  where  the  project 
team  organized  the  information  in  a  folder  format.  A  building  folder  containing  the  Building  Identification 
Sheet  and  the  Building  Identification  Plan  was  established  for  each  project  building.  A  roof  section  folder 
containing  a  Roof  Section  Identification  Sheet,  a  master  Roof  Inspection  Worksheet  (with  unmarked  roof 
section  plan),  and  all  completed  inspection  and  calculation  sheets  was  established  for  each  individual  roof 
.section. 

Once  the  project  team  established  the  manual  recordkeeping  system  for  each  of  the  three  sites,  the 
information  was  manipulated  through  use  of  a  microcomputer  to  generate  management  reports.  The 
inventory  and  inspection  data  were  entered  into  a  spreadsheet  using  a  tabular  format  and  through  the  use 
of  a  data  base  utility,  three  summary  reports  were  generated:  Building  Inventory,  RCI,  and  RCI 
distribution.  (See  Appendixes  A,  B,  C  for  Fort  Meade,  Fort  Lee,  and  New  Cumberland  Army  Depot, 
respectively). 

The  Building  Inventory  Report  provided  a  list  of  the  project  buildings  and  general  information  for 
each  of  the  surveyed  roof  sections.  (Figure  12  shows  a  partial  listing.)  The  RCI  report  listed  the  three 
individual  component  condition  indexes,  the  RCI,  and  overall  condition  rating  for  each  roof  section  (Figure 
1 3  shows  a  partial  listing).  The  RCI  Distribution  Report  presented  a  graphical  plot  of  the  frequency  of 
occurrences  within  the  different  RCI  ranges  (Figure  14). 
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Figure  9.  Completed  Roof  Section  Rating  Form. 


20 


ICI  CALCULATION  SHEET  I  INSTALLATION 
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Figure  10.  Completed  ICI  Computation  Sheet. 
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BOILDIHa  IttVENTORr  RBTORT 
OATC:  MARCH  JS,  IWT 
FT.  MEADE,  MARrLAND 
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A 
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STEEL 
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C 
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Figure  12.  Example  Building  Inventory  Report. 
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nCI  REPORT 

DATE:  MARCH  J5,  199? 

FT.  MEADE,  MARYLAND 


BOILDIHG  NAME 

NUMBER 

SECTIO  M04BRANE 

ID  TYPE 

AREA 

SOFT 

DATE 

CONST 

DATE 

INSPEC 

FCI 

MCI 

ICI 

RCI 

RATING 

39 

NAREBOOSE 

A 

BUR-PITCH 

11109 

3/07 

26 

37 

100 

30 

POOR 

€8 

MOTOR  MAINTENAMCE  FACIUTY 

A 

BUR-ONKNONN 

4072 

3/07 

76 

92 

100 

82 

VERY  GOOD 

82 

FIRE  t  RESCUE  STATION 

A 

BUR-ASPHALT 

07t 

7/61 

3/07 

72 

95 

100 

80 

VERY  GOOD 

92 

FIRE  4  RESCUE  STATION 

B 

BUR-ASPHALT 

1300 

7/61 

3/07 

77 

99 

100 

84 

VERY  GOOD 

82 

FIRE  4  RESCUE  STATION 

C 

BUR-ASPHALT 

1041 

7/61 

3/B7 

66 

96 

52 

61 

GOOD 

82 

FIRE  4  RESCUE  STATION 

D 

BUR-ASPHALT 

364 

7/61 

3/07 

81 

100 

100 

87 

EXCELLENT 

8S 

AIRCRAFT  HANGAR  4  MAINTENANCE 

A 

bur-aspha:.t 

162 

1/72 

3/07 

71 

55 

100 

64 

GOOD 

85 

AIRCRAFT  HANGAR  4  MAINTENANCE 

B 

BUR-ASPHAJ.T 

13529 

1/72 

3/87 

67 

80 

100 

74 

VERY  GOOD 

95 

AIRCRAFT  HANGAR  4  MAINTENANCE 

C 

BUR-ASPHALT 

5500 

1/72 

3/07 

69 

95 

100 

78 

VERY  GOOD 

85 

AIRCRAFT  HANGAR  4  MAINTENANCE 

D 

BUR-ASPHALT 

7075 

1/72 

3/07 

69 

80 

100 

75 

VERY  GOOD 

85 

AIRCRAFT  HANGAR  4  MAINTENANCE 

E 

BUR-ASPHALT 

162 

1/72 

3/07 

75 

88 

100 

81 

VERY  GOOD 

393 

CAREER  CENTER 

A 

BUR-ASPHALT 

10360 

3/07 

62 

77 

100 

70 

VERY  GOOD 

1251 

0$  ARMY  RESERVE 

A 

BUR-ASPHALT 

1915 

9/76 

3/07 

$6 

92 

100 

75 

VERY  GOOD 

1251 

OS  ARMY  RESERVE 

a 

BUR-ASPHALT 

5223 

9/76 

3/07 

82 

72 

100 

78 

VERY  GOOD 

1251 

05  ARMY  RESERVE 

C 

BUR-ASPHALT 

4446 

9/76 

3/07 

91 

60 

100 

71 

VERY  GOOD 

1251 

as  ARMY  RESERVE 

D 

BUR-ASPHALT 

9601 

9/76 

3/07 

55 

76 

27 

39 

POOR 

2239 

CONSOL  MESS  HALL 

A 

BUR-ASPHALT 

5152 

3/07 

65 

38 

100 

51 

FAIR 

2239 

CONSOL  NE55  HALL 

B 

BUR-ASPHALT 

9270 

3/07 

45 

35 

100 

46 

FAIR 

2239 

CONSOL  MESS  HALL 

C 

BUR-ASPHALT 

2334 

3/07 

42 

60 

100 

53 

FAIR 

2239 

CONSOL  MESS  HALL 

D 

BUR -ASPHALT 

5263 

3/07 

50 

55 

100 

58 

GOOD 

2786 

COftllSSARr 

A 

BOR-ASPHALT 

24156 

2/05 

3/07 

75 

98 

100 

02 

VERY  GOOD 

2791 

POST  EXCHANGE 

A 

BUR-ASPHALT 

3492 

5/75 

3/07 

81 

96 

100 

86 

EXCELLENT 

2791 

POST  EXCHANGE 

B 

BUR-ASPHALT 

3330 

5/75 

3/07 

55 

87 

100 

67 

GOOD 

2791 

POST  EXCHANGE 

C 

BUR-ASPHALT 

2620 

5/75 

3/07 

72 

92 

100 

79 

VERY  GOOD 

2791 

POST  EXCHANGE 

D 

BUR-ASPHALT 

2697 

5/75 

3/07 

80 

96 

100 

05 

EXCELLENT 

2791 

POST  EXCHANGE 

a 

BUR-ASPHALT 

1620 

5/75 

3/07 

64 

96 

100 

74 

VERY  GOOD 

4407 

TELEPHONE  EXCHANGE 

A 

BOR-ASPHALT 

7020 

1/55 

3/07 

25 

96 

37 

38 

POOR 

4407 

TEUPHONE  EXCHANGE 

B 

BOR-ASPHALT 

250 

1/55 

3/07 

72 

94 

100 

80 

VERY  OOOD 

4550 

HEADQOARTSRS 

A 

BOR-ONKNONN 

0359 

3/79 

3/07 

40 

$6 

100 

56 

GOOD 

4550 

HEADQUARTERS 

B 

BOR-ONKNONN 

2277 

3/79 

3/07 

$5 

86 

100 

73 

VERY  GOOD 

4550 

BEADQOARTERS 

C 

BOR-ONENONN 

$903 

3/79 

3/07 

50 

87 

100 

63 

OOOD 

Figure  13.  Example  RCI  Report. 
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RCI  DISTRIBUTION  -  FT.  MEADE,  MARYLAND 


TOTAL:  ••  ROOF  BtCTlONS 


Figure  14.  Example  RCI  Distribution  Report. 


Members  of  the  project  team  analyzed  the  inspection  data  and  generated  repair  requirements  for 
individual  roof  sevtions.  Repair  statements  for  each  of  the  medium  and  high  severity  distresses  were 
developed  and  entered  into  the  same  spreadsheet  data  base.  For  each  roof  section  recommended  for  repair, 
based  on  the  subjective  evaluation  of  the  team,  a  Corrective  Action  Report  (Figure  15)  was  generated 
detailing  the  necessary  repair  tasks  which  could  be  cross-referenced  with  the  Roof  Inspection  Worksheet. 

A  proposed  Five-Year  Plan,  showing  priorities  for  scheduling  the  recommended  repair  projects,  was 
also  developed  (included  in  each  Appendix).  This  plan  was  based  on  the  premise  that  good  roofs  needing 
some  repairs  should  receive  first  priority  to  preserve  valuable  assets.  Marginal  roofs  should  be  repaired 
if  funds  are  available  and  poor  roofs  should  be  allowed  to  continue  to  deteriorate  with  only  emergency 
or  temporary  repairs  until  replacement  is  accomplished.  Figure  16  is  an  example  of  this  report. 

Most  of  the  effort  for  this  phase  of  the  work  was  spent  developing  the  spreadsheet  application  and 
inputting  information  into  the  data  base.  Once  this  was  done,  generating  each  of  the  reports  requited  very 
little  time. 


Microcomputer  System 

When  the  .T.AP  project  was  initiated,  the  microcomputer  application  of  the  system  (Micro 
ROOFER*)  was  in  its  early  stages  of  development.  The  program  was  in  the  testing  stages  when  the  data 
from  this  demonstration  project  was  being  analyzed  using  manual  methods  making  it  very  convenient  to 
use  this  data  to  run  a  comparison  test. 


‘  D.  E.  Bailey,  B.  Young,  and  D.  E.  Brotherson,  Micro  ROOFER  Users  Guide,  USACERL  ADP  Report  M-90/12  (USACERL, 
April  1990). 
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The  microcompuicr  system  ofrers  some  distinct  advantages  in  data  management  over  a  manual  system. 
Micro  ROOFER  allows  the  collected  data  to  be  entered  into  the  program  using  a  series  of  screens  that  use 
the  same  terminology  and  format  as  the  inventory  and  inspection  shccLs.  When  the  data  has  been  entered, 
the  program  will  calculate  the  indexes  and  generate  several  reports.  Micro  ROOFER  provides  improved 
information  retrieval  capabilities,  case  of  modifying  and  recalculating  data,  and  unlimited  data  storage. 

The  collected  data  from  the  three  installations  was  input  by  the  project  team  into  Micro  ROOFER. 
Average  input  time  was  less  thtin  30  minutes  per  roof  .section.  The  manual  system  took  an  average  of 
about  40  minutes  per  roof  section.  This  included  time  to  assimilate  the  inventory  and  inspection  sheets, 
perfonn  the  calculations,  and  establish  building  and  roof  section  files  (Table  2).  The  computer  generated 
inventory  and  condition  indexes  were  checked  by  comparing  them  against  the  manually  generated  reports. 
Only  minor  discrepancies  were  found  and  then  corrected. 

The  report  generation  capability  offered  tremendous  time  savings  when  summarizing  and  presenting 
the  information  from  the  data  base.  Micro  ROOFER  can  generate  customized  reports  "at  the  push  of  a 
button." 


FT.  MEADE.  MARYLAND 

BUILDING; 05 

NAKE:  AIRCRAFT  HANGAR  i  MAINTENANCE 

SECTION:  B  AREA: 13529  SOFT  DECK:  STEEL  INSULATION:  PERLITE, 

POLYURETHANE 

SLOPE:  1/4IN12  MEMBRANE:  BUR-ASPHALT 

FCI  =■  67  MCI  =80  ICI  »  100 

*****RCI  -73.9  ***•• 


CORRECTIVE  ACTIONS 


QUANTITY  UNIT 
22  FT 
80  FT 
5  EA 
3  EA 
35  SOFT 
i  SOFT 


REFERENCE 
9-12 
2,  4,  6,  8 
13, 15-18 
2,3,5 
1 
4 


REPAIR 

REPLACE  BASE  FLASHING 

RENAIL  AND  RESTRIP  EMBEDDED  EDGE  METAL 
FILL  PITCH  PAN  AND  PAINT 
REPAIR  HOLES 

REPAIR  MEMBRANE;  REPLACE  WITH  SIMILAR  MATERIAL 
REMOVE  FOREIGN  MATERIALS  FROM  ROOF 


Figure  15.  Example  Corrective  Actions  Report. 
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FIVE  YEAR  M  t  R  PUW 
OATS:  MAACH  )S,  3917 
rr.  MEADE,  MARYLAMD 


BOJLDIMG 

NAME 

SECT 

MEMBRAME 

AREA 

MAINT 

REPLACE 

REPAIR 

MWBER 

to 

TYPE 

SOFT 

ONLY 

YEAR 

YEAR 

38 

MAREHOOSE 

A 

BUR-PITCH 

11189 

1 

€8 

MOTOR  MAINTENANCE  FACILITY 

A 

BUR-UNRNONN 

4072 

X 

82 

FIRE  4  RESCUE  STATION 

A 

BOR-ASPHALT 

876 

X 

82 

FIRE  t  RESCUE  STATION 

B 

BUR-ASPHALT 

1300 

X 

82 

FIRE  4  RESCUE  STATION 

C 

BUR-ASPHALT 

1641 

1 

82 

FIRE  4  RESCUE  STATION 

D 

BUR-ASPHALT 

364 

X 

8i 

AIRCRAFT  HANGAR  4  MAINTENANCE 

A 

BUR-ASPHALT 

162 

1 

85 

AIRCRAFT  HANGAR  4  MAINTENANCE 

B 

BOR-ASPHALT 

13S29 

1 

85 

aircraft  hangar  4  MAINTENANCE 

C 

BUR-ASPHALT 

5509 

1 

85 

AIRCRAFT  HANGAR  4  MAINTENANCE 

D 

BUR -ASPHALT 

7075 

1 

85 

AIRCRAFT  HANGAR  4  MAINTENANCE 

E 

bur-asphalt 

162 

X 

393 

CAREER  CENTER 

A 

BUR- ASPHALT 

10368 

1 

1251 

OS  ARMY  RESERVE 

A 

BUR-ASPHALT 

1915 

1 

1251 

OS  ARMY  RESERVE 

B 

K^-A5PMAI.r 

5223 

1 

1351 

as  ARMY  RESERVE 

C 

BOR-ASPHAtT 

4446 

5 

1351 

OS  ARMY  RESERVE 

D 

BUR-ASPHALT 

9601 

1 

3339 

CONSOL  MESS  HALL 

A 

BOR-ASPHALT 

5152 

2 

2239 

CONSOL  MESS  HALL 

B 

BUR-ASPHALT 

9270 

2 

2239 

CONSOL  MESS  HALL 

C 

BOR -ASPHALT 

2334 

2 

2239 

CONSOL  MESS  HALL 

0 

BUR-ASPHALT 

5263 

2 

2786 

CCPtllSSARY 

A 

BUR-ASPHALT 

39J5S 

X 

379? 

POST  EXCHANGE 

A 

BUR-ASPHALT 

3492 

X 

2791 

POST  EXCHANGE 

B 

BUR-ASPHALT 

3330 

4 

2791 

POST  EXCHANGE 

C 

BOR-ASPHALT 

2620 

X 

379? 

POST  EXCHANGE 

0 

BOR-ASPHALT 

2697 

X 

379? 

POST  exchange 

B 

BOR-ASPHALT 

1620 

1 

4807 

TELEPHONE  EXCHANGE 

A 

BOR-ASPHALT 

7030 

1 

4407 

TELEPHONE  EXCHANGE 

B 

BOR-ASPHALT 

350 

X 

4550 

HEADOOARTERS 

A 

BOR-ONRNONN 

0399 

1 

4550 

HEADOOARTERS 

B 

BOR-ONKNONN 

3377 

1 

4550 

HEADOOARTERS 

C 

BOR-UNfOWNN 

0903 

1 

Figure  16.  Example  Five-Year  Plan  for  MRR. 
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Table  2 


System  Procedure  Times 


Manual  System* 


Fort 

#  of  buildings 

#  of  sections 

time 

Lee 

14 

61 

40  man-hours 

Meade 

20 

55 

36 

New  Cumberland 

9 

31 

21 

Microcomputer  System** 


Fon 

#  of  buildings 

#  of  sections 

time 

Lee 

14 

61 

30  man-hours 

Meade 

20 

55 

26 

New  Cumberland 

9 

31 

15 

*Includes  assimilating  inventory  and  inspection  worksheets,  performing  caJculaiions.  and  developing 
building  and  section  files. 

**lncludcs  assimilating  inventory  and  inspection  worksheets,  inputting  information  into  the 
microcomputer,  and  generating  calculations. 
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4  SYSTEM  TURNOVER  TO  INSTALLATION  PERSONNEL 


Once  completed,  the  data  base  files,  including  the  building  and  roof  section  folders  and  the  reports, 
were  given  to  the  DEH  personnel  at  each  of  the  installations.  The  system  turnover  included; 

1 .  A  presentation  of  the  ROOFER  program  with  an  explanation  of  the  information  contained  in  the 
system  folders.  The  project  team  described  the  data  collection  procedures,  the  methods  used  to  calculate 
the  indexes,  the  significance  of  the  indexes,  and  the  use  of  the  various  forms. 

2.  A  complete  discussion  of  the  roof  distresses,  including  a  review  of  each  of  the  photographs  shown 
in  USACERL  Technical  Report  M-87/13,  Vol  II.’ 

3.  A  presentation  of  the  visual  inspection  procedure  for  built-up  roofs,  including  discussion  of 
necessary  tools  and  techniques  for  conducting  the  inspection  and  completing  the  Roof  Inspection 
Worksheet. 

4.  A  followup  "on-the-roof  visual  inspection  where  the  procedures  were  demonstrated  and  questions 
from  the  DEH  personnel  could  be  discussed  and  answered.  The  on-the-roof  experience  usually  generated 
a  series  of  questions  by  the  DEH  personnel.  These  included  questions  about  current  problems,  inspection 
of  roofing  application,  and  repair  methods  for  problems  on  existing  roofs. 

5.  A  presentation  of  the  recommended  repairs  for  each  of  the  roof  sections  and  a  Five-Year  Plan  for 
the  repair  and  replacement  of  project  roofs. 

6.  A  preview  of  the  Micro  ROOFER  computer  program  and  its  capabilities. 

The  system  turnover  phase  left  the  DEH  with  the  start  of  a  management  program  for  their  built-up 
roofs. 


’M.  y.  Shahin,  D.  M.  Bailey,  and  D.  E.  Brotherson. 
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5  CONCLUSIONS 


The  FEAP  demonstration  at  Fort  Meade,  Fort  Lee,  and  New  Cumberland  Army  Depot  was  a 
successful  implementation  of  the  ROOFER  program.  The  A/E  comments  were  especially  useful  and 
several  changes  were  made  to  the  forms  and  techniques  used  in  ROOFER. 

The  ROOFER  methodology  of  evaluating  membrane,  flashing,  and  insulation  separately  provides  an 
ideal  base  to  generate  repair  and  replacement  recommendations.  The  RCI,  which  combines  the  three 
indexes,  provides  the  information  needed  for  effective  network  management. 

The  Micro  ROOFER  application  will  reduce  the  amount  of  time  and  effort  needed  to  process  the 
collected  data  and  produce  management  reports. 

After  evaluating  the  demonstrations  at  these  three  installations,  the  ROOFER  system  was  judged  ready 
for  implementation.  USACERL  has  released  Micro  ROOFER  (Version  1 .0)  and  established  a  Strategic 
Support  Center  for  the  system.  USAEHSC  is  responsible  for  providing  assistance  for  implementing  and 
maintaining  the  ROOFER  program  at  the  installation  and  MACOM  level  within  the  Army. 
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APPENDIX  A: 


REPORTS  FOR  FORT  MEADE,  MD 


;-:j5ing  inventory  report 

VTE:  MARCH  15,  1987 
•.  MEADE,  MARYLAND 
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FOUR  HATS  A  BUR-ASPHALT  GLASS  FIBER  STEEL 
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RCI  DISTRIBUTION  >  FT.  MEADE.  MARYLAND 
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APPENDIX  B: 

REPORTS  FOR  FORT  LEE,  VA 
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B 

C 
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YEAR  THREE 

6250  A 

YEAR  FOUR  NONE 

YEAR  nVE 
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SERVICE  STATION  A  BUR-ASPHALT  HBERBOARD 
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FREQUENCY 


RCI  DISTRIBUTION  -  NEW  CUMBERLAND,  PENNSYLVANIA 


RCI 


TOTAL:  31  ROOF  lECTIONS 


FIVE  YEAR  M  «&  R  PLAN 
DATE:  MARCH  15,  1987 
NEW  CUMBERLAND,  PA 


REPAIR 


YEAR  ONE 

1 

G 

1 

A 

54 

E 

54 

B 

85 

A 

85 

C 

85 

D 

81 

A 

YEAR  TWO 

81 

B 

85 

E 

54 

A 

400 

B 

351 

C 

1  I 

351 

D 

54 

C 

400 

A 

1 

F 

85 

B 

351 

B 

YEAR  THREE 

351 

A 

1 

C 

1 

D 

1 

H 

YEAR  FOUR 


YEAR  nVE 
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REPLACE 

1  B 
21  A 


411  B 
411  A 


USACERL  DISTRIBUTION 


('hief  of  Engineers 
AITN:  CEIIEC  IM  LH  C) 
aPiN  CElIECiM'J*  (2) 

ATIN  CECC-P 
ATIN:  CECW 
AITN:  CECW-O 
AITN:  CECW-P 
AITN:  CECW-RR 
ATIN:  CEMP 
AITN:  CEMP-C 
ATfN:  CEMP  E 
AITN:  CERD 
ATTN:  CT-RD-I, 

AITN:  CERD  C 
AITN:  CERD  M 
ATTN:  CERM 
ATTN:  DAEN-ZCE 
AITN:  DAEN  7.CI 
ATTN  DAEN-ZCM 
AITN  DAEN-ZCZ 

CEIISC 

ATIN:  CEIISC-ZC  22060 
ATTN:  DET  III  79906 
ATTN:  CEIISC-F  22060 
ATTN:  CEIISC-FB  22060 
ATTN:  CEIISC-TT-F  22060 

US  Army  Engineer  Districts 
ATTN:  Ijbrary  (41) 

US  Anny  Kngr  Divisions 
ATTN:  Ubrary  (14) 

US  Anny  Europe 

OIX:S/Engineer  09403 
ATTN:  AEAIM-IT. 

ATPN:  AEAEN  ODCS 
V  Corps 

ATTN:  DEH  (11) 

Vll  Corps 

ATTN:  DEH  (16) 

2 1  St  Support  Command 
ATTN:  DEH  (12) 

USA  Berlin 

ATTN.  DEH  (9) 

Allied  Command  Europe  (ACE) 
ATIN:  ACSGEB  09011 
ATTN:  SmilB/En^eer  09055 
ATTN:  AEUFiS  09168 
USASETAF 

ATTN:  AESE-EN-D  09019 

8th  USA,  Korea  (19) 

ROKATS  Combined  Forces  Command 
ATTN:  EUSA-HHC-CFC/Engr 

Ft.  leonatd  Wood,  MO  65473 
ATTN:  Canadian  Liaison  Officer 
ATTN:  German  Liaison  Staff 
ATTN:  British  Liaison  Officer  (2) 
ATTN:  French  Liaison  Officer 

USA  Japan  (USARJ) 

ATfN:  DCSEN  %343 
ATTN:  Facilities  Engineer  96343 
ATTN:  DEH-Okinawa  96331 


Area  Engineer,  AEDC-Aiea  Office 
Arnold  Air  Force  Station.  TN  37389 

416th  Engineer  Command  60623 
ATTN:  Faculties  Engineer 

US  Military  Academy  10996 
ATTN:  FacUities  Engineer 
ATTN:  Dept  of  Geography  & 

Computer  Sciences 
ATTN.  MAEN-A 

AMC  -  Dir.,  Inst.,  &  Sves. 

ATTN:  DEII  (23) 

DLA  ATTN:  DI.A-WI  22304 

DNAATTN:  NADS  20305 

FORSCOM  (28) 

FORSCOM  Engineer,  ATTN:  Spt  Dct  15071 
ATTN:  DEH 

use 

Ft.  Sam  Houston  AMC  78234 
ATTN:  HSLO  F 
Fiusimons  AMC  80045 
ATTN:  HSHG  DEH 
Walter  Reed  AMC  20307 
ATTN:  Facilities  Engineer 

INSCOM  -  Ch,  InsU.  Div. 

Arlington  Hall  Station  22212 
ATTN:  Engr  &  Hsg  Div 
Vint  HiU  Farms  Sution  22186 
ATTN:  lAV-DEH 


USAAMCCOM  61299 
ATTN:  AMSMC-RI 
ATTN:  AMSMC-IS 

MUitary  Dial  of  Washington 
ATTN:  DFTI 

Cameron  Station  (3)  22314 
Fort  Lesley  J.  McNair  20319 
Fort  Myer  22211 

Military  Traffic  Mgmt  Command 
Falls  Church  20315 
Oakland  Army  Base  94626 
Bayonne  07002 
Sunny  Point  MOT  28461 

96301  NARADCOM,  ATTN:  DRDNA-F  01760 


TARCOM,  Fac,  Div,  48090 


TRADOC  (19) 

HQ.  TRADOC,  ATTN:  ATEN-DEH  23651 
ATTN,  DEH 

TSARCOM,  ATTN:  STSAS-F  63120 
USAIS 

Fort  Huachuca  8561 3 

AITN:  Facilities  Engineer  (3) 

Fort  Ritchie  21719 


WESTCOM 

Fort  Shaftcr  96858 
ATTN:  DEH 
ATTN:  APEN-A 

SHAPE  09055 

ATTN:  SurvivabUity  Sect.  CCB-OPS 
ATTN:  Infrastructure  Branch,  IjVNDA 

HQUSEUCOM  09128 
ATTN:  fJCi  4/7-LOE 

Fort  Bclvoir,  VA 

ATTN:  Austrahan  Liaison  Officer  22060 
ATTN:  Water  Resource  Center  22060 
ATTN:  Engr  Studies  Center  22060 
ATTN'  Engr  Topographic  I,ab  22060 
ATTN:  AT7Ji  TE-SW  22060 
ATIN:  CECC-R  22060 

CECRL,  ATTN:  Ubrary  03755 

CEWES,  ATTN:  Ubrary  39180 

HQ,  XVm  Airborne  Corps  and 
Ft  Bragg  28307 

ATTN.  AFZA-DEH  EE 

Chanute  AFB,  IL  61868 
3345  CES/DE,  Stop  27 

AMMRC  02172 
ATTN:  DRXMR-AF 
ATTN:  DRXMR-WE 

Nonon  AFB,  CA  92409 
ATTN:  AFRCE-MX/DE 

TyndaU  AFB,  FL  32403 

AFESC/Enginecring  &  Service  Lab 

NAVFAC 

ATTN:  Division  Offices  (11) 

ATTN:  Facilities  Engr  Cmd  (9) 

ATTN:  Naval  Public  Works  Center  (9) 

A  IT  N:  Naval  Civil  Engr  Lab  (3) 

ATTN:  Naval  Constr  BattaUon  Ctr  93043 

Engineerirtg  Societies  Ubrary 
New  York,  NY  10017 

National  Guard  Bureau  20310 
Installation  Division 

US  (jovemment  Printing  Office  20401 
Receiving/Depository  Section  (2) 

US  Army  Env.  Hygiene  Agency 
ATTN:  HSHB-ME  21010 

NaiT  Intiittne  of  Sundards  A  Tech  20899 

Defense  Technical  Ino.  Center  22304 
ATTN:  DTIC-FAB  (2) 


323 

8/90 


EMC  Team  Distribution 


Chief  of  Knginecr* 

AI'IN:  cemp-za 

ATI'N:  CEMP-ZM  (2) 

Al’lN:  DAEN-ZCP 

CEliSC 

AI'IN:  CEUSC-VB 

US  Airoy  Engineer  Diiirici 
New  York  10278 
A  PI  N;  Chief,  Design  Br 
Pinsburgh  15222 
ATTN:  Chief,  ORPCD 
ATTN:  Chief,  Engr  Div 
Philadelphia  19106 
ATTN:  Chief,  NAPEN-D 
Baltimore  21203 
ATTN;  Chief,  Engr  Div 
Norfolk  23S10 
ATTN:  Chief,  NAOEN-M 
ATTN:  Chief,  NAOFJJ-D 
Huntington  25701 
ATTN:  Chief.  ORMED^G 
Wilmington  28401 
A  ITN:  Chief,  SAWEN-D 
Charleston  29402 
ATI  N;  CTiief,  Engr  Div 
Savannah  31402 
AITN:  Chief.  SASAS-L 
Jacksonville  32232 
AITN:  Coiuor  Branch 
Mobile  36652 
ATI'N:  Chief,  SAMEN-D 
ATr.N:  Chief.  SAMEN-F 
ATTN:  Chief,  SAMEN-C 
Nashville  37202 
A  H  N:  Oiief,  ORNED-P 
Memphis  38 103 
ATFN:  Chief,  Cortsir  Div 
ATTN;  Chief.  LMMED-D 
Vicksburg  39180 
ATTN:  Chief.  Engr  Div 
Louisville  40201 
ATTN;  Chief,  Engr  Div 
Detroit  48231 
ATTN;  Chief.  NCEED-T 
Si.  Paul  55101 
A ITN:  Chief,  ED-D 
ATTN:  Chief.  NCSED-GH 
Rock  Island  61204 
ATTN;  Chief.  NCRED-G 
St.  Diuis  63101 
ATTN:  Chief.  ED-D 
Kansas  City  64106 
ATTN:  Chief,  Fjigr  Div 
Omaha  68102 
ATTN:  Chief,  Engr  Div 
New  Orleans  70160 
ATTN  Chief.  LMNED-DG 
LitUe  Rock  72203 
ATTN:  Chief,  Engr  Div 
Tulsa  74I2I 
ATTN:  Chief,  Engr  Div 
Ft.  Worth  76102 
ATTN:  Chief,  SWFED-D 
Galveston 

ATTN:  Chief,  SWGAS-L  77553 
ATTN;  Chief.  SWGCO-C  77553 
ATTN:  Chief,  SWOED-DC  77550 
Albuquerque  87103 
ATTN:  Chief,  Engr  Div 


Loa  Angeles  90053 
ATTN:  Chief,  SPI.ED-F 
San  Francisco  94105 
ATTN:  Chief,  Engr  Div 
Sacramento  9S814 
ATTN:  Chief.  SPKED-D 
.MTN:  Chief.  SPKCO-C 
Far  East  96301 
ATTN:  POFED  L 
Portland  97208 
ATTN:  Geotech  Engr  Br 
ATTN:  Chief.  FM-1 
ATTN:  Chief,  EN-DB-ST 

Seattle  98124 
ATTN:  Chief.  NPSCO 
ATTN:  Chief,  NPSEN-FM 
ATTN;  Chief.  EN-DB-ST 
Walla  WaUa  99362 
ATTN;  Chief,  Engr  Div 
Alaska  99506 
ATTN;  NPAEN-G-M 

US  Army  Engineer  Division 
New  England  02154 
ATTN;  Chief.  NEDED-T 
ATTN:  Laboratory 
ATTN:  Chief.  NEDCD 
North  Atlantic  10007 
ATTN:  Chief.  NADEN-T 
Middle  Haat  (Rear)  22601 
ATTN:  Chief.  MEDED-T 
South  Atlantic 
ATTN:  Laboratory  30060 
ATTN;  Chief,  SADBN-TC  30303 
ATTN:  Chief,  SADEN-TS  30303 
Hunuvitle  35807 
ATTN:  Chief,  HNDED  CS 
ATTN:  Chief,  HNDED  M 
ATTN:  Chief.  HNDED-SR 
Lower  Mississippi  39180 
ATTN:  Chief,  LMVED-0 
Ohio  River 

ATTN:  Laboratory  45227 
ATTN:  Chief,  Engr  Div  45201 
Missouri  River 

ATTN:  Chief,  MRDED-0  68101 
ATTN:  Laboratory  68102 
Southwestern  75202 
ATTN:  Laboratory 
ATTN:  Chief.  SWDED-MA 
ATTN:  Chief,  SWDED-TC 
South  Paciftc  94966 
ATTN:  Laboratory 
PiKtifIc  Ocean  96858 
ATTN:  Chief,  Engr  Div 
ATTN:  FM&S  Branch 
ATTN:  PODED-D 
North  Pacific 

ATTN:  Materials  Ub  97060 
ATTN:  Chief,  Engr  Div  97208 

7lh  US  Army  09407 
ATTN;  AETTM-DTr-MO-EH 

HQ,  Combiood  Field  Anny  (ROKAJS) 
ATTN:  CFAR-EN  96358 

US  Army  Foreign  Set.  A  Tech  Ctr 
ATTN;  CharionofvUIe,  VA  22901 
ATTN;  Far  East  Office  96328 


USA  ARRADCOM  (T7801 
ATTN:  DRDAR  IjCA-OK 

HQ.  USAMRDC  21701 
ATTN:  SORD-PLC 

West  Point,  NY  109% 

ATTN;  Dept  of  Mechanic* 

AITN:  Library 

Ft.  Bclvoir,  VA  22060 

ATTN:  l.earTiing  kesources  Center 

Ft.  Benning,  GA  31905 
ATTN:  ATZB-DEH-BG 
ATTN:  ATZB-EH-F, 

Ft.  Leavenworth,  KS  66027 
ATTN:  ATYLCA-SA 

Ft.  Lee.  VA  23801 
ATTN:  AMXMC-D  (2) 

Ft.  McPherson,  GA  30330 
ATTN:  AKEN-CD 

Ft.  Monroe.  VA  23651 
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